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Does governance play a role in the distribution of invasive alien 
species?































distribution	 is	 essential.	 Although	 international	 trade	 is	 regarded	 as	 a	 major	 force	
structuring	 spatial	 patterns	of	 IAS,	 the	 role	of	other	 social	 factors	 remains	unclear.	
Despite	studies	highlighting	the	importance	of	strong	governance	in	slowing	drivers	of	








We	 elucidate	 how	 the	 quality	 of	 governance	within	 a	 country	 has	 implications	 for	
trade,	 tourism,	 transport,	 legislation,	and	economic	development,	all	of	which	 influ-
ence	 the	 spread	 of	 IAS.	While	 our	 findings	 support	 the	 common	 assumption	 that	
strengthening	governance	benefits	conservation	interventions	in	countries	of	smaller	
economy,	we	find	that	this	effect	is	not	universal.	Stronger	governance	alone	cannot	
adequately	address	the	problem	of	 IAS,	and	targeted	action	 is	required	 in	relatively	
high-	GDP	countries	in	order	to	stem	the	influx	of	IAS	associated	with	high	volumes	of	
trade.




Effective	prevention	and	control	of	 invasive	alien	species	 (IAS)	 re-
quire	 a	 thorough	 understanding	 of	 the	 determinants	 of	 invasion.	
The	 socioeconomic	 context	 of	 biological	 invasions	 is	 thought	 to	
be	well	 understood,	with	previous	 studies	highlighting	 the	 role	of	
international	trade	(Westphal,	Browne,	MacKinnon,	&	Noble,	2008)	
and	 globalization	 (Amano,	 Coverdale,	 &	 Peh,	 2016;	 Meyerson	 &	
Mooney,	2007).	One	socioeconomic	 factor	of	biological	 invasions,	
however,	 has	 not	 yet	 been	 addressed	 in	 this	 context.	 Despite	
an	 emerging	 literature	 examining	 the	 role	 of	 governance	 in	 is-
sues	 such	 as	 biodiversity	 loss	 (Smith,	Muir,	Walpole,	 Balmford,	 &	
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Leader-	Williams,	2003),	illegal	logging	(Smith,	Obidzinski,	Subarudi,	
&	 Suramenggala,	 2003),	 agricultural	 intensification	 (Ceddia,	
Bardsley,	 Gomez-	y-	Paloma,	 &	 Sedlacek,	 2014),	 and	 deforestation	
(Umemiya,	 Rametsteiner,	 &	 Kraxner,	 2010),	 there	 is	 a	 paucity	 of	
studies	considering	its	role	during	the	process	of	biological	invasion	
(Lotz	&	Allen,	2013).
Governance	 is	 defined	 as,	 “the	 traditions	 and	 institutions	 by	
which	 authority	 in	 a	 country	 is	 exercised”	 (Kaufmann,	 Kraay,	 &	
Mastruzzi,	 2011).	 Biodiversity	 conservation	 is	 intimately	 related	
to	 multiple	 aspects	 of	 governance.	 For	 example,	 corruption	 has	
been	 correlated	with	 changes	 in	 forest	 cover,	 numbers	 of	African	
elephants,	 and	 numbers	 of	 black	 rhinoceroses,	 illustrating	 that	
strong	 governance	 is	 essential	 to	 slowing	 the	 rate	 of	 biodiversity	
loss	(Smith,	Muir,	et	al.,	2003).	Similarly,	illegal	logging	in	Indonesia	
increased	during	political	 transitions,	when	governments	are	weak	
and	 have	 underdeveloped	 institutions,	 and	 thus	 more	 vulnerable	
to	 corruption	 (Smith,	 Obidzinski,	 et	al.,	 2003).	 In	 support	 of	 this,	
worsening	corruption	correlated	with	poorer	environmental	perfor-
















2003).	 Likewise,	 stronger	democracy—through	 its	protection	of	 free	
speech	and	its	capacity	to	hold	leaders	accountable—has	been	shown	
to	 reduce	 aquatic	 pollution,	 deforestation,	 and	 land	 degradation	 (Li	
&	Reuveny,	 2006),	whilst	 increasing	 protected	 land	 area	 (Midlarsky,	
1998).
Whether	 stronger	governance	plays	 a	beneficial	 role	 concerning	
IAS	remains	unknown.	In	this	study,	we	used	cross-	country	estimates	
on	 the	 quality	 of	 governance	 in	 conjunction	 with	 comprehensive	
Eurasian	IAS	data	to	explore	the	role	of	governance	in	structuring	the	
distribution	of	the	100	“worst”’	(i.e.,	most	severe)	IAS	for	38	Eurasian	











Indicators	 for	 six	 dimensions	 of	 governance	were	 taken	 from	 the	
Worldwide	 Governance	 Indicators	 Project	 (WGI).	 These	 six	 ag-












5. Rule	of	 Law—the	extent	 to	which	people	 trust	 and	abide	by	 the	






ern	 socioeconomic	 data	 (Essl	 et	al.,	 2011)—suggests	 that	 con-
temporary	 indicators	 are	 unsuitable	 for	 this	 analysis	 because	
they	fail	to	reflect	governance	at	the	time	of	an	introduction.	We	
therefore	 first	 explored	whether	 the	 relative	 rank	 of	 countries’	
governance	changed	over	 time.	While	WGI	only	began	 in	1996,	
changes	 in	WGI	 estimates	 from	 2000	 to	 2009	 are	 small	world-
wide	 (Kaufmann	et	al.,	2011),	and	from	1998	to	2008,	 just	29%	
of	 countries	 under	our	 analysis	 showed	 significant	 changes	 in	 a	
single	aggregate	indicator	(Kaufmann	et	al.,	2009),	indicating	that	
governance	 estimates	 are	 surprisingly	 static	 over	 short	 times-
cales.	As	evidence,	WGI	estimates	from	1996	were	compared	to	













were	 compared	 against	modern	 counterparts	 (e.g.,	 Slovakia	 and	 the	
Czech	Republic	were	matched	 against	Czechoslovakia).	 Scores	 from	
1984	 to	 1986	were	 significantly	 correlated	with	 ratings	 from	 2013	




and	 biodiversity	 (Ceddia	 et	al.,	 2014),	 further	 increasing	 our	 confi-
dence	in	this	instance.
Numerous	 studies	 within	 the	 governance-	biodiversity	 literature	
have	analyzed	individual	WGI	indicators,	and	it	is	clear	that	there	are	
benefits	of	having	insight	 into	how	individual	aspects	of	governance	
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stitutes	more	 than	 legislation,	 the	existence	of	 legislation	and	com-
pliance	to	it	encompasses	numerous	aspects	of	governance	including	
Rule	of	Law,	Government	Effectiveness,	Control	of	Corruption,	and	




nations	 were	 aware	 of	 IAS	 and	 had	 policy	 in	 place	 to	 target	 IAS.	
Therefore,	any	new	introductions	post-	1952	have	the	potential	to	be	
influenced	by	governance.	Introductions	prior	to	1952	were	therefore	

















to	 total	 IAS	 richness	 per	 country.	However,	DAISIE	 provides	 exten-









onomic	 groups	 and	 all	 environments	 (Vilà	 et	al.,	 2009).	DAISIE	 100	
species	 pose	 significantly	 severe	 threats	 to	 biodiversity:	 71%	 are	








ysis,	 leaving	 68	 species.	 For	 each	 country,	 a	DAISIE	 100	 score	was	
calculated	by	counting	the	number	of	species	on	the	“100	worst”	list	
introduced	 from	 1952	 onwards,	 excluding	 marine	 species.	 Higher	
scores	indicate	countries	have	more	invasions.
2.3 | Explanatory variables







is	 important	 in	 determining	 the	 distribution	 of	 invasive	 mammals	
(Forsyth,	Duncan,	Bomford,	&	Moore,	2004);	reptiles	and	amphibians	
(Bomford	et	al.	2009);	fish	(Bomford	et	al.	2010);	plants,	insects,	shell-


















since	 islands	 are	 typically	 more	 heavily	 invaded	 than	 mainland	
(Simberloff,	1995).
6. Human	Population	(The	World	Bank,	2013)	and




8. Road	 Density	 (km	 road/100	km2	 of	 land	 area,	 The	World	 Bank,	
2013)	facilitates	the	dispersal	of	IAS	(Hulme	2009.	For	example,	the	
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extent	of	terrestrial	transport	networks	accounted	for	the	density	
of	 alien	 plants	 in	 European	 and	 North	 African	 countries	 (Vilà	 &	
Pujadas,	2001),	justifying	its	inclusion	in	the	analysis.
9. GDP	(US$,	The	World	Bank,	2013)	positively	associates	with	the	
















included.	 Although	 percentage	 agricultural	 land	 has	 been	 previously	
used	as	a	measure	of	habitat	disturbance	 (Lotz	&	Allen,	2013),	only	a	
small	proportion	of	species	used	to	calculate	DAISIE	100	scores	were	




















teraction	 term	 (GDP	×	Governance)	was	 also	 included	 in	 this	 global	
model	 after	 GDP	 and	 Governance	 were	 centered	 to	 zero	 mean.	
Diagnostic	plots	confirmed	that	assumptions	of	linear	regression	were	
not	violated.














The	 absence	 of	 spatial	 autocorrelation	 in	 our	model	was	 deter-
mined	using	the	R	package	ncf	 (Bjornstad,	2013).	Moran’s	 I	was	cal-


















dered	 by	 increasing	 wealth	 as	 measured	 by	 GDP	 were	 identified.	
















Accountability,	 Political	 Stability,	 Regulatory	 Quality,	 and	 Rule	 of	
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Law	returned	similar	results	to	the	original	regression	that	used	an	
overall	governance	score,	with	the	interaction	term	appearing	in	the	
top	models	 (Tables	2	 and	 S2–S5).	 Government	 Effectiveness	 and	





















contrast	with	much	of	 the	 governance-	biodiversity	 literature,	which	













and	 economic	 institutions	 is	 strengthened	 (Anderson	&	Marcouiller,	
2002).	 In	 turn,	 increased	 trade	boosts	 the	 rate	 at	which	propagules	
are	 introduced,	 causing	 more	 biological	 invasions	 (Westphal	 et	al.,	





ernance	 facilitating	 trade	 to	 the	detriment	of	controlling	 IAS.	World	
Trade	 Organization	 agreements	 help	 tackle	 corruption	 and	 foster	
stronger	 governance,	 thus	 improving	 international	 trade	 (Aaronson	
&	Abouharb,	 2013);	 but	 agreements	 generally	 lack	 the	mechanisms	
to	internalize	the	externalities	of	IAS	spread	through	trade	(Perrings,	
Dehnen-	Schmutz,	 Touza,	 &	 Williamson,	 2005).	 Likewise,	 EU	 trade	
agreements	 are	 upheld	 at	 the	 expense	 of	 controlling	 IAS:	 in	 1989,	
Germany	banned	the	 import	of	 live	European	freshwater	crayfish	 in	
order	 to	 halt	 the	 spread	 of	 invasive	 crayfish	 plague	 (Aphanomyces 
astaci	 [Schikora	 1906]),	 but	 the	 European	 Commission	 successfully	
argued	that	this	law	amounted	to	a	“disguised	restriction	upon	trade”	








Road	Density	 failed	 to	appear	 in	 the	 set	of	 top	models,	other	 stud-
ies	 suggest	 road	 networks	 contribute	 to	 the	 spread	 of	 IAS	 (Vilà	 &	
TABLE  1 Best	models	(∆I <	6)	predicting	DAISIE	100	scores	in	Eurasian	countries
Model rank Intercept Gov:GDP Governance GDP Area Insularity PopDen Road density Continentality Precipitation Temperature K Log- likelihood AICc ∆i Adj. R
2
1 10.67	±	1.21 4.98	±	2.83 4.87	±	4.49 2.94	±	0.79 NA NA NA NA NA NA NA 4 −101.20 214.3 0 0.667
2 11.11	±	1.35 4.99	±	2.79 5.71	±	4.59 2.72	±	0.84 NA + NA NA NA NA NA 5 −100.07 214.9 0.59 0.677
3 10.69	±	1.21 4.43	±	3.04 4.60	±	4.52 2.89	±	0.80 NA NA 0.60	±	1.20 NA NA NA NA 5 −100.61 215.9 1.67 0.668
4 11.17	±	1.35 4.34	±	2.98 5.48	±	4.58 2.63	±	0.85 NA + 0.70	±	1.18 NA NA NA NA 6 −99.23 216.2 1.92 0.681
5 10.68	±	1.22 4.71	±	2.92 3.80	±	5.17 3.35	±	1.24 −0.49	±	1.15 NA NA NA NA NA NA 5 −100.77 216.3 1.99 0.665
6 11.13	±	1.36 4.70	±	2.87 4.59	±	5.21 3.15	±	1.26 −0.52	±	1.13 + NA NA NA NA NA 6 −99.56 216.9 2.59 0.676
7 11.44	±	1.40 NA 10.44	±	4.84 NA 2.78	±	0.93 + 3.98	±	1.35 NA NA NA NA 5 −101.75 218.2 3.95 0.647
8 11.27	±	1.37 3.66	±	3.42 8.73	±	9.07 0.95	±	4.14 1.79	±	4.30 + 2.51	±	4.52 NA NA NA NA 7 −98.79 218.5 4.28 0.679
9 10.70	±	1.23 4.11	±	3.47 6.10	±	8.76 2.10	±	4.02 0.86	±	4.27 NA 1.46	±	4.46 NA NA NA NA 6 −100.51 218.8 4.49 0.659
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Pujadas,	 2001).	 Poor	 governance	might	 reduce	 travel	 to	 that	 coun-
try,	 potentially	 explaining	 why	 better	 governance	 associated	 with	
increased	DAISIE	100	scores	in	certain	countries.	Political	instability,	
human	 rights	 violations,	 conflict,	 and	 terrorism	 can	 harm	 a	 nation’s	










2010).	A	 study	modeling	 the	 role	of	 governance	 in	 determining	pat-
terns	of	land	use	change	under	agricultural	intensification	in	six	South	
American	countries	in	1970–2006	found	that	these	two	forms	of	gov-












Smith,	 Muir,	 et	al.,	 2003;	 Smith,	 Obidzinski,	 et	al.,	 2003;	 Umemiya	
et	al.,	2010)	and	instead	suggests	that	strong	conventional	governance	
can	 go	 hand	 in	 hand	with	 environmental	 degradation.	Our	 findings	
resonate	with	this	standpoint:	Strong	governance	could	lead	to	more	
IAS	through	its	ability	to	 improve	the	efficiency	with	which	a	nation	


















assess	 the	 impact	 of	 EPI	 on	 invasions.	 However,	 for	 the	 countries	
under	 analysis,	 2013	 EPI	 scores	weakly	 correlated	with	 2013	WGI	











associated	with	 reduced	 DAISIE	 100	 scores	 (Figure	2).	We	 suggest	
that	this	relationship	might	be	the	result	of	a	balance	between	GDP	




Model rank Intercept Gov:GDP Governance GDP Area Insularity PopDen Road density Continentality Precipitation Temperature K Log- likelihood AICc ∆i Adj. R
2
1 10.67	±	1.21 4.98	±	2.83 4.87	±	4.49 2.94	±	0.79 NA NA NA NA NA NA NA 4 −101.20 214.3 0 0.667
2 11.11	±	1.35 4.99	±	2.79 5.71	±	4.59 2.72	±	0.84 NA + NA NA NA NA NA 5 −100.07 214.9 0.59 0.677
3 10.69	±	1.21 4.43	±	3.04 4.60	±	4.52 2.89	±	0.80 NA NA 0.60	±	1.20 NA NA NA NA 5 −100.61 215.9 1.67 0.668
4 11.17	±	1.35 4.34	±	2.98 5.48	±	4.58 2.63	±	0.85 NA + 0.70	±	1.18 NA NA NA NA 6 −99.23 216.2 1.92 0.681
5 10.68	±	1.22 4.71	±	2.92 3.80	±	5.17 3.35	±	1.24 −0.49	±	1.15 NA NA NA NA NA NA 5 −100.77 216.3 1.99 0.665
6 11.13	±	1.36 4.70	±	2.87 4.59	±	5.21 3.15	±	1.26 −0.52	±	1.13 + NA NA NA NA NA 6 −99.56 216.9 2.59 0.676
7 11.44	±	1.40 NA 10.44	±	4.84 NA 2.78	±	0.93 + 3.98	±	1.35 NA NA NA NA 5 −101.75 218.2 3.95 0.647
8 11.27	±	1.37 3.66	±	3.42 8.73	±	9.07 0.95	±	4.14 1.79	±	4.30 + 2.51	±	4.52 NA NA NA NA 7 −98.79 218.5 4.28 0.679
9 10.70	±	1.23 4.11	±	3.47 6.10	±	8.76 2.10	±	4.02 0.86	±	4.27 NA 1.46	±	4.46 NA NA NA NA 6 −100.51 218.8 4.49 0.659
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introduction).	Countries	with	lower	GDP	likely	have	less	international	
trade,	which	 in	 turn	 reduces	 their	 rate	of	 IAS	 introduction.	This	 low	
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ship	 between	 governance	 and	 biodiversity	 loss	 (Katzner,	 2005);	 fa-
vorable	conservation	outcomes	are	not	always	associated	with	good	
governance.	Whilst	current	conservation	activities	have	paid	attention	
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